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AIR-SPEED METERS. 


1. Use. 

The uses of the air-speed meter may be grouped into two classes: 
(a) for navigation , and (5) for handling the airplane. 

In cross country flying it is necessary to form some estimate of the 
time required between landing fields. A reliable ground-speed meter 
would be the best instrument for this purpose, but since none has 
been developed to date, the air speed meter is the next best thing. 
This gives the speed of the ship relative to the air through which it 
is moving. In still air and at low altitudes this air-speed will also be 
the ground speed. But if a wind is blowing, the ground speed is the 
vector sum of the true air speed and the wind. And if the ship is 
flying at anything more than a few hundred feet above sea level a 
correction must be made of the indicated air speed to get the true 
air speed. The method of obtaining this correction will be explained 
later. When in flight the air-speed indicator will inform the pilot 
whether or not the performance of the airplane is what should be 
expected. Generally the pilot can form some estimate of the ground 
speed by observation of the time required to pass known towns or 
other landmarks, and from this and the air speed determine the wind 
speed. In this manner he will be enabled to select the altitude with 
the most favorable wind for his course. 

In handling or maneuvering an airplane the air-speed reading is 
very useful in determining the best conditions for climbing, for 
gliding, and for economical flight on the level, whether or not the 
maximum speed in a dive is within the limit of safet^y for the ship, and 
whether or not the airplane is near the stalling speed. The pilot 
should be able to determine the latter without the use of an air-speed 
meter and for this reason should be trained without it, but the air¬ 
speed reading will enable the pilot to check up his judgment. 

As will be explained in the paragraph on Construction the air-speed 
meter depends upon the “impact” pressure of the air stream relative 
to the airplane for its operation. We may say that the indicated 
air speed is a function only of this impact pressure. But this pressure 
is dependent on the true speed of the air-stream and the density of 
the air, and is given by the following equation: 

P = icdV 2 
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where P is the impact pressure, d the density of the air, V the true 
air speed and Tc is a constant dependent on the units in which P, d, 
and V are expressed. Solving (1) for V, we get, 



Equations (1) and. (2) are general, giving the value of the impact 
pressure for any given values of V and d. But it is impossible to 
construct a simple air-speed meter so that it indicates the true air speed 
for all the possible densities of air. So the instrument is calibrated 
for one density d 0 which is the density of air at standard condition 
of pressure and temperature. If the airplane is flown in air at this 
density the indicated air speed is the true air speed and the relation 
between the speed and impact pressure is given by 


F*. 




(3) 


In this equation 7c and d 0 are both constants so F* depends on P 
alone. Now, when the airplane is flown at a higher altitude where 
the density is less than d 0 the true air speed will have to be higher to 
produce the same impact pressure as obtained for a given speed in 
air of density d 0 . That is, the indicated air speed will be less than the 
true air speed. By substituting the value of P from (1) in (3) we can 
get an expression for the correction factor 


Vi 


. 1^11- V S 

V led o “ K Vd« 


(4) 


For air-speed meters d 0 is taken to be the density of air at a pressure 
of 29.92 inches and a temperature of 16° C. Since the density varies 
directly as the pressure and inversely as the absolute temperature, 


d—d x '- 0 - -d _ ^X.289 _ 

■Po T ~"'°29.92(273 + 7) 


(5) 


Vi 


where t is the temperature centigrade. Hence the correction factor is 

jd 0 _ /29.92 (273 + 0 
d . \PX289 

In Figure I are curves giving the value of this correction factor for 
temperature of —10°, 0°, 10°, 20° and 30° C. For other tempera¬ 
tures the value may be obtained by interpolation. 

Belo^v is given a table which gives the approximate values of the 
correction factor for various altitudes for a temperature of 16° C. 
Such a table is useful for estimating the true air speed for navigation 
purposes ; but for careful testing work the correction curves of Figure 
I should be used. 
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Altitude in Thousands of Feet 


FIG. I. 

















































































































































































































































































































































FIG. II.—AIRSPEED METER PRESSURE HEADS. 
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Table 1 . —Correction factor for air-speed reading f'oftemperature of 16° 0. 


Altitude (feet). . 

Correction ; 
factor. 1 

2,000... 

1.035 i 

4,000 .;. 

1.07 

6,000... 

1.11 

8,000... 

1.15 

10,000... 

1.195 . 

12,000. 

1.24 

14,000. 

1. 28 

16,000.. 

1.33 j 

18,000.. 

1.38 ! 

20,000. 

1.43 



1 Multiply Vi by this factor. 


It will be noted that roughly 2 per cent of the indicated reading 
should be added for each 1,000 feet altitude. As a general thing the 
indicated air speed is less than the true air speed, but sometimes in 
flying in cold weather near sea level, when the barometer is high, the 
density will be greater than d 0 , so that the indicated air speed is too 
high. . 

While it is necessary to make this “density” correction whenever 
the air speed meter is used in navigation, it should not be done when 
the air speed is used as an indication for the handling of the ship. 
The best rate of climb, excessive stresses at high speed, and stalling 
are all dependent on the impact pressure, and. the indicated air speed 
is a measure of this without any density correction. 

2. Construction. 


There are five types of air-speed meters used by the Air Service. 
These are listed in the table below. 


Type. 

Manufacturer. 

Pressure head. 

B. 

Precision Instrument Co 

Venturi-Pitot. 

Do. 

Do. 

Pitot. 

Venturi-Pitot. 

C. 

Bristol Instrument Co 

E. 

Foxhoro Instrument Co 

F. 

National Cash Register Co 

H. 

Bristol Instrument Co 

_I__ 



Type F will be described first, as that is most widely different from 
the others. 

There are two distinct parts to an air-speed meter, ( a ) a pressure 
head and ( b ) an indicator. In type F the pressure head is a Pitot 
tube, shown in Figure II-A. This consists of two concentric tubes, 
the inner of which delivers the dynamic pressure to the indicator, and 
the other the static pressure. The dynamic opening is at the tip 
end of Pitot, and the dynamic pressure is the result of the slowing 
up of the airstream directly in front of the Pitot opening. This then 
' the same a s the impact pressure at any place on the airplane. The 
static tube is closed at the outer tip, but has a row of holes in the 
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side, of the tube about two inches from the tip. Since these holes 
are through a surface parallel to the direction of the airstream ; no 
impact pressure is produced in the static tube, but the pressure is 
atmospheric pressure (as would be measured by a barometer) at the 
position in the atmosphere where the ship is flying. 

An air-tight metal tube leads from the dynamic tube to the pres¬ 
sure opening of the indicator, and another runs from the static tube 
to the static opening of the indicator. The pressure in the dynamic 
tube is given by equation (1). The most convenient method of 
measuring the pressure is in terms of head of water. The working 
equation is: 

V— 4:Q.2i'yJ]i ( 6 ) 

where V is the speed in miles per hour and h the pressure in inches 
of water. This is the equation used in calibrating type F air-speed 
meters. 

The internal mechanism of this type of air-speed indicator is shown 
in Figure IV-A. A rubber diaphragm a divides the case into two 
compartments. The back compartment is connected to the static 
tube of the Pitot, and the front compartment to the dynamic tube. 
When there is a difference in pressure between the dynamic and 
static tubes, as would result from any speed of the airplane, the dia¬ 
phragm is pushed back. To the center of this is fastened a silk thread 
which runs over a pulley 1) and is wound around the pointer shaft c. 
The backward motion of the diaphragm thus turns the pointer over 
the dial. A hairspring around the pointer shaft is under slight ten¬ 
sion, and is wound up as the diaphragm is displaced. When the 
pressure difference decreases and the diaphragm moves back the 
spring turns the pointer back. Since the pressure varies as the 
square of the speed the scale will be more open in the upper part. 
-However, in this type of instrument the scale is fairly uniform, due to 
the fact that the stress set up in the diaphragm is not a linear function 
of the distortion. 

This type of air-speed meter has some very good points: (a) The 
pressure head has a small parasite resistance and can be easily 
mounted on a strut; (&) the pointer is not affected by the vibration 
of the airplane and is very steady. However, a serious defect of the 
instrument is involved in the use of the rubber diaphragm. There 
is no way of adjusting the instrument in making the original cali¬ 
bration; and the elastic properties of the rubber diaphragm change 
greatly with age, so that the calibration of the instrument can not 
be trusted. 

The pressure head used with the other types of air-speed meters 
is the Venturi-Pitot tube, shown in Figures II-B and III. The 
Venturi, Figure II-B-b is a trumpet-shaped tube with a side tube 
leading out from the narrowest part, called the throat. This pres- 




PIG. HI.—LONGITUDINAL SECTION OF VENTU Rl — PITOT. 
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sure head is mounted on a strut so that the axis of the Venturi is 
parallel to the line of flight, and the smaller end directed forward. 
The speed of the air in the throat is very much higher than at the 
forward or back end, and also higher than the speed of the air out¬ 
side. Bernoulli’s principle of hydrostatic flow applies here—the 
pressure decreases as the speed increases. Consequently the Ven¬ 
turi produces a pressure lower than atmospheric pressure, or a suc¬ 
tion. (Large double Venturis are used sometimes to draw air from 
the gasoline tank.) For a given length of Venturi the amount of 
reduction of pressure, or suction, depends on the diameter and 
angle of the upstream cone, the diameter and length of throat, the 
diameter and angle of the rear cone, and the amount of the bell or 
flare. After a vast amount of experimental work a Venturi has been 
produced in which the amount of suction varies as the square of 
the speed, just as the dynamic pressure of the Pitot tube, and the 
magnitude of the suction is about four times the' pressure of the 
Pitot. By combining a Venturi and Pitot tube, figure 16-B-a, into 
one pressure head a pressure difference is obtained five times as 
great as the Pitot alone gives. This makes it possible to use a much 
more rugged instrument for the indicator. The equation for the 
Venturi-Pitot is 

7=17.88 S (7) 

where V is the speed in m. p. h. and h is the pressure in inches of 
water. 

As with the Pitot pressure head a line of tubing connects the 
Venturi and another the Pitot with the indicator. The internal 
mechanism of the type II indicator is shown in Figure V, In this 
instrument the pressure from the Pitot is applied to the case, which 
is airtight, and the suction from the Venturi is applied to a battery 
of two aneroids a similar to the aneroid of the altimeter. The case 
is air-tight so that no air is forced into or drawn out except the 
small amormt necessary to produce the pressure difference between 
the inside of the case and the inside of the aneroids. 

The front aneroid, which is connected to the suction nipple by a 
coil of capillary copper tubing, is fastened to the frame. To the 
center of the back aneroid is fastened a bar b, the outer end of which 
is fixed to a flat spring mounted on the frame and the inner end of 
which is joined by a pin to a lever of the regulator shaft c. The 
regulator upright d extends through a hole in the frame, and the 
upper end, which ends in a ball, moves in a slot in a plate e. This 
plate e is mounted on the same shaft as the sector gear f, which 
engages the pinion of the pointer shaft. A hairspring on the pointer 
takes up backlash between the linkages. Proper tension on this 
hairspring is very important in preventing vibration of the pointer, 
because there are so many joints at which lost motion may occur. 
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The proper adjustment of this spring may mean all the difference 
between a satisfactory instrument and one almost worthless. 

Under the pressure difference between the inside of the case and 
the inside of the aneroids, the latter collapse, and the motion of the 
back aneroid is transmitted through the mechanism above described 
to the pointer, the motion being magnified by the levers involved. 
The purpose of the ball and slot is to make the scale uniform by 
changing the magnifying ratio. Since the pressure is proportional 
to the square of the speed and the motion of the aneroid diaphragms 
is proportional to the change in pressure, the motion of the pointer 
would be proportional to the square of the speed, unless some pro¬ 
vision was made for decreasing the magnifying ratio. The scale 
obtained by this device is not altogether uniform, but is open in 
the most used part of the scale from 50 to 130 and is fairly uniform. 

The coil of capillary copper tubing between the suction nipple 
and aneroid is used to damp out rapid oscillations of pressure which 
cause a vibration of the pointer. This device is also used in some 
instruments of types C and E. And in some instruments of type E 
a series of small baffle plates is inserted in the suction nipple for the 
same purpose. 

The internal mechanisms of type B is similar to type IT. It con¬ 
tains one battery of two aneroids and the ball and slot device for 
varying the magnifying ratio and obtaining a nearly uniform scale. 
This type differs from types C, E and H in that the suction is applied 
to the case and the pressure to the aneroids. So the aneroids expand 
instead of contracting. 

In type E, see Figure IV-B, there are two batteries of aneroids, 
seven in each battery. An arm on each battery is linked by a bar 
a to a sector gear b which engages a pinion on the pointer shaft. 
Both bars are linked to &, so that both batteries of aneroids must 
move together, but the two bars have different angular positions 
relative to b which are adjustable, so the magnifying ratio can be 
thus varied. There are two spring stops, c and d, which are engaged 
by stops on the batteries, c being engaged first and then d. These 
spring stops increase the elastic forces opposing the pressure on the 
aneroids in the upper part of the scale and thus make a nearly 
uniform scale possible. This scale is more nearly uniform than that 
of any of the air-speed indicators. 

3. Installation. 

Very often, the air-speed meter fails to function properly because 
of faulty installation. Attention to details is more needed with 
his instrument than any other. 









FIG. V.—MECHANISM OF AIR-SPEED INDICATOR, TYPE H. 














FIG. VI.—AIR-SPEED INDICATORS. 




























AIR-SPEED METERS. 


11 


In the first place the right pressure head should be selected and 
located in the proper position on the airplane. The Pitot tube is 
used with type F indicator, and the Venturi-Pitot with types B, C, 

E and IT. There are two sizes of Venturi-Pitot tubes in use. The 
older model is of aluminum with the Venturi 8 inches long; the newer 
model is of brass and one-half the size of the aluminum (see drawing 
P. E. D. No. 030444). Both have the same pressure-speed curve 
(see equation (7) ), but the smaller tube should be used in preference 
to the larger because it has one-fifth the parasite resistance and has 
smaller errors. The calibration curve of the standard Venturi- 
Pitot is given in Figure VII. Production tubes do not differ from 
the standard by more than 1 per cent. 

Since the flow of air in the gap between the wings or over or under 
the wings is much disturbed an error of 10 m. p. h. may be involved 
in a poor location of the pressure head. By extensive speed-course 
test with the Curtiss JN-4 and theD. IT.-4 airplanes the best location 
of the pressure head has been found for these two types. On the 
JN-4 it should be mounted on strut No. 3 with the Venturi and 
Pitot openings on the outside, and the axis of the Venturi 20 inches 
above the upper surface of the lower wing. On the D. PI.—4 it should 
also be on the outside of strut No. 3, but with the Venturi axis 37.5 
inches above the upper surface of the lower wing. In each of these 
types of airplanes the pressure head might be mounted in a corre¬ 
sponding position on the strut of the left wing, No. 2 for the JN—4 
and No. 9 for the D. PI.-4, but this would require a modification of 
the bracket, because the Venturi and Pitot openings shordd be on 
the outside of these struts in order to avoid eddy-currents at the edge 
of the propeller slip-stream. If the above-specified positions are 
used the “airplane error” of the pressure-head will not be greater 
than 1 m. p. h. 

For the U. S. D.-9A the position of the pressure head should be the 
same as on the D. PI.—4. In absence of speed course tests for other 
types of airplanes it is recommended that the pressure head be 
mounted midway of the gap and on the outside of the front, inner) 
interplane strut. If there is only one pair of interplane struts on a 
side it should be mounted on the inside of the strut; the indicated 
air speed will be from 5 to 10 m. p. h. too- low if it is near the wing 
tips. The pressure head should never be mounted with the tubes sup¬ 
porting the Pitot and Venturi sloping up, but always down. This 
precaution is necessary to prevent water from collecting in the lead 
tubes when flying in clouds or rain. 

The tubes leading from the Venturi and Pitot to the air-speed indi¬ 
cator are generally built in the wings; if not, the best location is to 
run them along the under surface of the upper wing just under the 
rear spar. At this place the projection above the wing covering will 
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affect the flow of air the least. From the wing to the pressure head 
the tubing should be fastened along the front edge of the strut. Two 
or even three indicators may be operated from the same Venturi- 
Pitot. In this case it is necessary to attach by a Y or T tube two 
tubes to each the pressure and suction lead, so that the pressure nipple 
of each indicator is connected to the Pitot and the suction nipple of 
each to the Venturi. 

The lead tubes may be \ or yy inch outside diameter aluminum or 
copper tubing. The smaller size aluminum is to be preferred. Wher¬ 
ever a joint is required an outside or inside sleeve (see drawing 
P. E. D. O-K-521)i should be used, and over this placed a piece of good- 
quality, snug-fitting rubber tubing. Before this is slipped on the 
metal tubing should be shellacked at the joint and the rubber wrapped 
tightly with soft copper ware on either side of the joint. The entire 
installment from the pressure head to the air-speed indicator must be 
airtight for accurate air-speed indications. This may be tested by 
blowing gently on the Pitot and sucking on the Venturi. Of course, 
care should be taken to see that the Pitot and Venturi are each con¬ 
nected to its respective nipple at the indicator, if these connections 
are reversed the pointer will move in the wrong direction and the 
instrument ruined. 

Of the various types of indicators mentioned type II is the best, 
and should be used when it can be secured. Type B is likely to have 
large errors; in type C the error is greater than in type H and the 
vibration of the pointer is greater; in type E the errors are small and 
the instrument stands usage well, but the pointer has a large vibra¬ 
tion, which is quite objectionable. 

In another pamphlet the method of determining errors of the indi¬ 
cator will be described. The specifications (see No. 27014-D) require 
that the error be not larger than 1.5 m. p. h. at any point of the scale. 
If the pressure head and the connection to the indicator are properly 
installed this should be the maximum error. For any accurate use 
of the air-speed meter a speed course test should be made to calibrate 
the meter. 

REFERENCES: 

B. A. P. Specifications No. 27014r-D. 

P. E. D. Drawing Nos. O-K-33, 030444-030451, and O-K-521. 

Aeronautical Instrument Circulars Nos. 12 and 22. 

Report on Venturi-Pitot tubes by Lieut. H. G. Oliver, Jan. 9, 1919. 
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FIG. VI I. 


































































































































































































































































































































































































































































